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[57] ABSTRACT 

A satellite tracking antenna system for use on board 
ship as part of a maritime communications satellite ter- 
minal is disclosed. The system has a directional antenna 
which is continually trained in the direction of the satel- 
lite so as to receive signals therefrom and transmit 
thereto in spite of the continual rolling, pitching and 
turning movement of the ship as it travels along its 
course, even in heavy seas. The system includes a plat- 
form which is adapted to be mounted at the head of the 
mast of the ship. A servo control unit receives position 
and angular rate signals from roll and pitch sensors 
mounted on the platform, and serves to counteract pitch 
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and roll without the need for gyroscopic stabilization 
means so that the platform always remains level regard- 
less of the pitching and rolling of the ship. A structure 
including the antenna, is mounted on the platform for 
rotation in azimuth and elevation. A heading input unit 
receives synchro information from the ship's gyrocom- 
pass by way of a gyrocompass converter which trans- 
lates this information into digital form. The heading 
input unit also receives azimuth information regarding 
the position of the satellite as well as elevation data, also 
regarding the position of the satellite. Azimuth and 
elevation control servos operated by control signals 
from the heading input unit train the antenna in azimuth 
and elevation so that it points in the direction of the 
satellite. Yawing or turning is counteracted by the head- 
ing input unit which modifies the azimuth control signal 
in accordance with the data as to the ship's heading 
from the gyrocompass converter. The direction of the 
pointing of the antenna, to accommodate slow changes 
in latitude and longitude as the ship moves along its 
course which causes a change in satellite position rela- 
tive to the ship, is accommodated by either changing 
the elevation and azimuth data provided to the heading 
input unit or by means of an automatic satellite position 
update unit which changes the heading input data to the 
azimuth and elevation servos in accordance with 
changes in the strength of the signal received by the 
antenna from the satellite. A system for converting 
angle data from synchro or step repeaters into digital 
data which may be used in the gyrocompass converter 
is also described. A system for controlling the speed and 
direction of a stepper motor in response to control volt- 
ages which does not require tachometers or other feed- 
back control is described in connection with the servo 
control system in the pitch and roll servo units and in 
the azimuth and elevation servo units. 

10 Claims, 14 Drawing Figures 
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messages rather than to the maintenance and operation 
SATELLITE TRACKING ANTENNA SYSTEM of the antenna tracking system. 

Control systems of various types have been proposed 

This is a division, of application Ser. No. 598,492 filed which are responsive to changes in position of a moving 
7-23-75 now U.S. Pat. No. 4,035,805 issued 7-12-77. 5 body, such as aircraft (see U.S. pat Nos. 2,910,639; 

The present invention relates to satellite tracking 3,052,832; 3,286,245; and 3,736,880). It has also been 
antenna systems, and particularly to a maritime satellite proposed to stabilize a camera and an antenna by 
tracking antenna system for providing ship-to-shore mounting on a stable platform (see U.S. Pat Nos. 
communications via satellite. 3,094,054 and 3,358,285). The stabilization techniques 

The invention is especially adapted for use in a stabi- 10 which have been proposed have involved the use of 
lized shipboard antenna system for tracking satellites in gyroscope and similar accelerometers which, are not 
spite of motions (pitch, roll and turn or yaw) of a ship at unreliable in long term operation under adverse 

sea. Aspects of the invention are also applicable to servo conditions as aboard ship, but also are subject to a vibra- 
control and digital data handling systems. _ tion, shock and other perturbations which often accom- 

Satellite antenna tracking systems have for the most 15 shipboard operation, 
part been designed for land based application. Auto- Th e heading of the ship whether due to changes in 
tracking systems responsive to the signal received by course, or to yawing as the ship moves through the sea, 
the antenna have been used to provide control signals affects the direction in which the antenna must be 
for pointing the antenna towards the satellite. Ships at Pointed to track the satellite. Ships are often equipped 
sea experience pitch, roll, turning and combinations of 20 ™ th gyrocompasses or other compass means which 
these motions. Maintaining the antenna of a ship-borne indicate their heading. The angular position information 
satellite tracker pointed toward the satellite under con- from compasses is not in a form where it can be 
ditions of ship's motion through the use of autotrack ^ to Mn *teract effect of such turning or yawing 
techniques are not entirely practical due to the com- motions on the position of the satellite tracking antenna, 
plexity of the electronic and electromechanical system 25 11 15 a feature of this ****** to P">vide the means 
for training the antenna incidental thereto, and also necessar y to convert the angular compass heading in-. 
because interruption of the signal received from the formatl ? n ; whetl | er fro r m a synchro or a step type re- 
satellite would necessarily introduce errors and the mt0 >P referaW y direcUym digital format, 
need for repointing procedures until the satellite signal , n ^ may * e J"* * C ™ ect , for . 8Uch ™ 
was reacquired and locked onto. 30 ^ ch may be mtroduced bv turam S 01 vawin 8 of the 

In maritime applications, interruption of the signal . , , 

_ *. *\, • *v - i .4 * * . While various motor control, systems have been sue- 

can occur frequently, since the signal path to the an- . f . i»yc urai aug 

i. vi i j v ^ * . 7 Rested for servo system use, many require direct current 

tenna may be b ocked by part of the ship's super struc- ^ Such ffi0 * rs may ^ m SSS 

ture during roUmg, pUctog and turns, or by hills, 35 due to to at thdf g y ^ Qther 

mountains or buildmgs when the ship is in water close re( ^ e f ^ dback OTntro , P by £ y of ^^0" 

to the shore. In addiUon, signal perturbation as caused COffiplex circ J tTy f * stabilization (see for 

by reflections from the ship surroundmg objecte and le , u>& 3>553 j 55 3 5?? m 3 ^ 4gg 

from the sea's surface may also result m a loss of lock 3 ,700,987; and 3,760,248). It is desirable to provide a 

and the need for complex prc^resm reacquiring the 40 simplified servo control motor and associated apparatus 

sateUite s,gnal. Reference may be had to an article by for ^ ^ thc sate , lhe trackin systcm; P ^ C}1 . 

Nicholas A. Raumann entitled "Computer Controlled * brly since such motors must be mounted ^ E in 

Antenna System ^peanng m ™f°&i c ™»PM- the antenna structure and subjected to severe environ- 

Right Center 1972 (NASA SP-295 avadab le from 45 recently for ^ „ kaom M 
National Technical Iiiformation Service, Springfield, motors . These motori are normally designed to be 
Virginia, 22161), for futher information respectmg auto- driv en by pulse trains (see U.S. Pat. No. 3,355,644) and 
tracking techniques for ground based satellite tracking are subject to mechanical resonances and uregularity of 
antennas and illustrating the need for complex com- mot i on as they move incrementally step by step. Special 
puter operated control systems for acquiring and reac- 50 circuits are sometimes used in an attempt to reducesuch 
quiring lock-in autotracked satellite antenna systems. irregular motion which may manifest itself as vibration 
Inasmuch as a shipboard satellite tenninal, and partic- and ringing effects (see U.S. Pat No. 3,826,966). In 
ularly the antenna training portion thereof which must accordance with the feature of this invention, the use of 
be mounted above deck, is subject to severe environ- stepper motors in a manner which eliminates vibration, 
ment at sea, simplicity of design, minimization of mov- 55 irregular motion and ringing or other settling time ef- 
able parts, and ease of maintenance are especially fects is provided, and enables such motors to be used as 
needed in a practical shipboard tenninal. Also desirable servo motors in ship-borne sateUite tracking apparatus, 
is that the tracking system be operational without atten- Accordingly, it is the object of the present invention 
tion for long periods of time, preferably over an entire to provide an improved satellite antenna tracking sys- 
voyage. To this end, it is desirable to enable the antenna 60 tern wherein the above described difficulties and disad- 
to be pointed at the satellite at the start of the voyage, vantages have been substantially eliminated, 
and then automatically change its position as the ship It is another object of the present invention to pro- 
moves under the satellite and the satellite's coordinates vide an improved system for stablizing a shipboard 
vary with respect to the ship's coordinates. In many antenna so that it may continuously track a satellite In 
applications some manual repointing may be suitable, 63 spite of motion of the ship at sea (e.g., pitching, rolling, 
such as inputting new coordinate data to reposition the yawing and/or turning). 

antenna, say once a day. Then the communications It is a further object f the present invention to pr - 

officer can devote his time to sending and receiving vide an improved satellite tracking antenna system 
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which is reliable in operation and may be used under of the ship so as to provide, in a register or other device 

severe environmental conditions as on board a ship at which stores the number, a number corresponding to 

^ . the actual ship's heading. 

It is a still further object of the present invention to Briefly described, the servo drive systems which may 
provide an improved servo system for maintaining the 5 be used to drive the antenna about its pitch, roll eleva- 

position of an antenna with respect to a desired orienta- tion and azimuth axes utilize conventional stepper mo- 

^r^l f 1 " 8 - COmP " m ? U °u S ' SUCh 88 ,hC ,ore < e *' two P 1 ^ m ° tors are designed for 200 

S a P SSSfc TTu 0t 3 SkP * 8KL - or more ste P s "volution). Sinusoidal voltages in 

„rnvl L ^ ^ "T"' ™T° n t0 W**™ P"** relationship are generated. The fie- 

equipment, particularly the ship's gyrocompass, to L^SSL^S, « , TV^ ^ ^ y ° f * 

order to provide date for correcting the positionof the 85 ? C °^ ro1 the speed md d,rect,on 

antenna for turning and yawing motion K ship ? "Vi ^ 'TL™?? * m °° My 

It is a still furthfr object of the present invention to .5 S£ "° ^ f f ^ ^ ° f the 
provide an improved satellite tracking antenna system J*?,"* reqU ? d 10 pr0Vlde sao ? ih m0tl0n m response 
which may be pointed toward the satellite at the siart of ^feS^fT ^ ^ , 
a voyage and be automatically updated for changes in .7? P '* h ™ d ro " Me8 may be controlled by separate 
the coordinates of the satellite with respect to the coor- P . 8,1(1 .™ I servo con,rol s y stcms - E** of ^e 56 
dinates of the ship, thereby enabling the system to be 20 SyS ems ut . 8 sensor arrangement wherein gyro- 
unattended for long periods of time, say even an entire ? COpeS ^ e entlrelv eliminated. This sensor arrangement 
voyage. K provided by a position level sensor and by another 

It is a still further object of the present invention to Sen ?° r v !' hich P roduces a rat e or velocity output relative 

provide an improved motor drive system suitable for 'o mertial space. Both of these devices are desirably 
rotating a satellite tracking antenna wherein brushes, 25 80ud ; state sensors, where the output of these sensors 

gears, tachometers, brakes, as have heretofore been P rovide a position error signal and a rate error signal 

used, are eliminated. which are combined in a manner whereby changes in 

It is a still further object of the present invention to tne P osit | on erro r signal have a much smaller effect than 

provide an improved servo drive system employing changes in the rate error signal. A combined error sig- 
stepper motors. 30 na '> containing both position and rate information, is 

It is a still further object of the present invention to applied as a control signal to a servo motor drive sys- 

provide an improved frequency control system for two tem * preferably a frequency controlled stepper- motor 

phase motors such as the stepper motors and the like, system of the type above described. These motors, one 

which eliminates vibration, settling time and other ir- *° r tne P itch **** and th e other for the roll axis, maintain 
regular motion effects which have conventionally ac- 35 tI ? e ant enna stable with respect to these axes, in spite of 

companied stepper motor action. pitching and rolling of the ship. 

It is a still further object of the present invention to Th c foregoing and other objects and advantages of 

provide an improved system for converting angular ^ e present invention will become more apparent from 

information represented by phase related voltages of the reading of the following description of the preferred 
synchro or step repeater devices into digital data sig- 40 embodiment of the invention which is set forth hereinaf- 

nals, which may be used for controlling the orientation ter an d k shown in the accompanying drawings in 

of an antenna. which: 

Briefly described, the invention may be embodied in FIG. 1 is a perspective view of the antenna structure 

a satellite tracking antenna system wherein an antenna is of " a maritime satellite tracking system embodying the 
mounted for rotation on a plurality of axes, Two of 45 invention; 

these axes are the pitch and roll axes, say of a ship, FIG. 2 is a simplified perspective view of the stable 
which carries a satellite communications terminal of platform and associated apparatus which forms part of 
which the antenna tracking system forms a part. The the antenna structure shown in FIG. 1; 
antenna is tilted about the pitch and roll axes by a servo FIG. 3 is a block diagram of a maritime satellite com- 
control system so that the antenna maintains a stable 50 munications terminal embodying the invention- 
level position regardless of the rolling and pitching FIG. 4 is a diagram partly in block and partly in 
motion of the ship. The antenna is also mounted for schematic form showing in detail the gyrocompass con- 
rotation, in elevation and in azimuth. Heading input verter unit of the terminal illustrated in FIG. 3; 
means, responsive to data signals representing the posi- FIGS. 5A, 5B, and 5C are series of waveforms which 
tion of the satellite in elevation and in azimuth, provides 55 are used to explain the operation of the gyrocompass 
control signals for turning the antenna about the azi- converter unit shown in FIG. 4; 
muth and elevation axes. The data respecting the head- FIG. 6 is a block diagram showing the heading input 
mg of the ship, whether due to turns or yawing, are also unit of the tracking system of the terminal illustrated in 
applied to the heading input means so that the effect of FIG. 3; 

turning and yawing of the ship on the position of the 60 FIG. 7 is a block diagram showing the automatic 

antenna in azimuth may be counteracted. For providing position update unit of the tracking system illustrated in 

the actual ship's heading, a synchro or step repeater FIG. 3; 

signal from the ship's gyrocompass or other heading FIG. 8 is a block diagram which schematically illus- 

indicating system may be applied to a converter which trates the pitch servo control unit and its associated 

translates toe signal mto pulses which indicate changes 65 sensors which are part of the tracking system shown in 

in the heading of the ship, in either plus one degree or FIG. 3; 

minus one degree steps. These pulses are utilized to FIG.' 9 is a block diagram which illustrates a motor 

change a digital number representing an initial heading drive unit of the servo control units shown in FIG 8- 
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FIG. 10 is a block diagram of another embodiment of The terms pitch and roll are used arbitrarily so as to 

the motor drive unit shown in FIG. 8; . simplify the description. It will be appreciated that the 

FIG. 11 is a series of waveforms used to explain the pitch axis will become the roll axis and vice versa if the 

operation of the motor drive unit shown in FIG. 10; and post 20 and yoke 26 of the pedestal arrangement is 

FIG. 12 is a schematic diagram of the bi-directional 5 turned 90* about the azimuth axis 44. 

voltage controlled oscillator of the motor drive unit The antenna assembly 18 is pi vo tally mounted on the 

shown in FIG. 10. shafts 60 and 62 for rotation about the elevation axis 58. 

Referring first to FIGS. 1 and 2, there is shown a The entire antenna assembly 18 is supported by the 

satellite tracking antenna structure 10 adapted to be turntable 46 at the shafts 60 and 62. The antenna assem- 

mounted on the top of a mast 12 of a vessel having a 10 bly 18 consists of an antenna 64 made up of a parabolic 

satellite communication terminal which is described reflector dish 66 and a feed 68. The dish 66 is preferably 

more fully hereinafter in connection with FIG. 3. This SP 1 " 1 fr° m perforated thin gauge aluminum and has a 

terminal contins a system embodying the invention for rolled edge 70 to provide mechanical stiffness. The feed 

controlling the antenna so that it remains pointed in the k made U P of crossed dipoles 72 behind a reflector 

direction of the satellite and also equipment for trans- 15 d* 80 7 f * The feed is mounted on an arrangement of rods 

mitting and receiving messages so as to provide ship-to- which form a tripod. The outputs of the feed may be 

ship or ship-to-shore communications via the satellite. combined in a hybrid 80 which is connected to a cable 

The antenna shown in FIGS. 1 and 2 is the subject 82 ^nding through the center of the dish 66. The 

matter of a related application filed concurrently with cabIe * connected to a diplexer 84 which is mounted on 

this application in the name of LeRoy Fuss, III, Ser. No. 20 ^ antenna structure 18. 

598,457 and assigned to the same assignee as this appli- ^ reflect °r ^h 66 forms one end of a box structure 

cation. 8fi * The remainder of this box structure 86 consists of 

The principal parts of the antenna structure are its side members and m arched beam structure 92 which 

pedestal arrangement 14, a stable platform arrangement P rovi . des mechanical stiffness and rigidity without in- 

16, and an antenna assembly 18. The stable platform 25 ^reasmg weight of the antenna structure 18. The arched 

arrangement 16 is shown in FIG. 2. beam structure 92 ^0 affords an open space behind the 

The pedestal arrangement 14 consists of a cylindrical tu f ^ bl f * «> « to Permit the antenna assembly 18 to 

tube 20 disposed on a circular base 22. A radome 24, f at least ""f^ m f le ^on. The axis of 

illustrated by the dash lines, encloses the entire antenna 1n *? e *f " ted Really, honzontally as 

structure and is secured to the base 22. An arrangement 30 aD V eIcvatl ° n between the vertical and honzon- 

of legs and crossbars 26 which may be welded to the X J^S^S" T * \^ T 

post 14 and bolted to the base, supports the post on the Z^^JfiJ^ * S^t** 

u ^ a — — * *> i* ^ j- c extend through journals in plates 106 and 108 which 

base. An arrangement of bolU extending from the bar form of members of the box structure 86 

arrangement 26 through the base 22 secures, toough 3J , 8 ^ ^ly rotataMe about ^ 

suitable brackets, the base and post to the head of the „,:„ *r, „ , -t-„ :.. . ,. " „ , " , 
mast 12 s shafts 60 and 62. To this end a pulley 110 is fixedly 

a . ,- , . .. . , 0 , mounted, as by being keyed, to the shaft 60. An electric 

A "U -shaped yoke 27 having suie members 28 and motor which u ^ ^ ^ 

30 m the form of chapels is secured to the upper end of m k mounted ^ bracket , ate ,„ , ocated °g 

* r ^ M ^ W M e T?" 40 P lat « The shaft of the elevation motor 112 drive? a 

28 and 30 defines the roll a*s 40 of the stable platform ^ belt m which j, the pul]ey £J 

1_ . . . , rf • • j » " Tite pulley 110, belt 116 and motor drive pulley are 

The stoble platform arrangement 16 is made up of a preferably toothed . m eIevation motor m moy / s . 

[H^i^ P lanetar * fashion M the P uUe > "0- Consequently 

shaft 32 (see FIG. 2). The stable platform 3 \n pivotoliy 45 ^ ^tire antenna assembly 18 moves bodily about the 
mounted within the frame 34 on a shaft 38. The shaft 38 elevation ^ shafts ^ and 62 A u0 h 

is journaled in the side member of the frame 34 and is m0Wlted on ^ pIatc 108 ^ shaft of thc ^1^. 
attached to the platform 36. The pitch axis 42 of the ter 120 is attached to the elevation axis shaft 62. The 
platform is defined by the axis of the shaft 38. The roll resistance presented by the potentiometer 120 is there- 
axis 40, pitch axis 42 and the azimuth axis 44, which 50 fore a function of the rotation of the antenna 64 about 
extends downwardly to the center of the stable plat- the elevation axis. 

form, are all perpendicular to each other and intersect at Additional rigidity is imparted to the box structure 86 
a common point. The pitch and roll axes 40 and 42 lie in by struts which may be angle members and which form 
the same plane. A turntable 46 is mounted on the plat- triangular braces 124 in the left side member. These 
form 36 for rotation about the aximuth axis 44. The 55 struts are connected at their apex by way of brackets to 
turntable 46 is a U-shaped member having downwardly the rear of the reflector dish 66. These braces 124 are 
depending arms 48 and 50. The center of the turntable is made out of angle members. Similar braces 128 are 
driven by a shaft 52 which extends through a bearing provided in the right side member. Triangular traces 
cylinder 54 mounted on the platform 36. The shaft 52 130 and 132 are also provided in the box structure 86. 
extends from a cylinder 56 of approximately the same 60 As shown in FIG. 2, the azimuth shaft 52 is rotated by 
diameter of thc cylinder 54. The shaft 52 is pivotally an azimuth servo motor 134 which drives a toothed 
mounted m bearings inside the cylinder 54, which bear- timing belt 136. A pulley 138 which is also toothed is 
ings support the turntable 46. The elevation axis 58 is driven by the belt 136. The pulley 138 is keyed to the 
defined by the axis of shafts 60 and 62 which extend aximuth shaft 52. The azimuth motor is secured, as by 
laterally from the arms 48 and 50 of the turntable 46. 65 being mounted on a bracket on the underside of the 
The elevation axis 58 is perpendicular to the azimuth platform 36. The outer periphery of the timing belt 136 
axis and is approximately co-incident with, or slightly as well as the inner periphery thereof may be toothed 
below the roll axis. and used to drive the shaft 139 of a potentiometer 140, 
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also mounted on the underside of the platform 36. The noise amplifier 162 which are mounted on the plate 106 

resistance presented by the azimuth potentiometer 140 of the left side member 88 and by power amplifier 164 

corresponds to the angular position of the antenna 64 in which is mounted on the plate 108 of the right side 

3Z t?. U vi i . . . . member. Additional weights may be provided on the 

1 J^n ?h P f T ft"?^* by J , pitCh m ° t0r 3 side M wel1 • o* ^ frame 34 and stable platform 

servomotor 150which is mounted on ^am 2 of S wS ft S^ 

yoke which extends upwardly from the post 20. A prf ^^n^T^u *° ? 'T^' Mtenna 

Icy 152 keyed to the roll shaft 32 is driveTby a ttamg ^ ^V! * ^ m t a2unuth and clevati °n by 

belt 154. The shaft of the roll motor 150, the belt 154 ? d< 7r "TSS T^ 00 1111(1 elevation 

and the periphery of the pulley 152 are also preferably 15 S^? ^ ' T-^ 2f 82111111111 roUtkm and 

toothed. F««™iy ^ 90 of elevation travel. The cable 166 may be a muiti- 

The motion and the position of the stable platform 36 conductor c . able . whicb extends upwardly through a 
is sensed by pitch and roll sensors 155 and 157 These ^ « 0pemng m the azimuth P u Uey 138 and azimuth 
sensors consist of a pair of rate transducers 156 and 158 ?? and then throu 8 h opening 170 in the turnta- 
which are mounted on the platform 36 on opposite sides 20 ? 46 Appropriate connectors may be provided in the 
of the cylinder 54 in which the aximuth shaft 52 is jour- base at the foot of the P ost 20 for the 166 and the 
naled. These transducers are preferbly fluid rate sen- cable may h ? brou £ ht U P from tb e connector through a 
sors. They are solid-state devices which monitor short- central longitudinal passage in the post 20 which may be 
term motions of the platform. One of these devices 156 tubuiar » if desired. 

has its fluid path parallel to the roll axis while the other 25 . S . uitable ste P s ma y located in the turntable 46 to 
158 has its fluid path parallel to the pitch axis. The the travel of the antenna structure 18 in elevation, 

device 156 therefore functions as a pitch rate sensor ■ A stra P 172 one end of wb *ch is connected to the cylin- 
while the device 158 functions as a roll rate sensor. der 56 which rotates with the turntable, and the other to 
Suitable devices may be of the type. described in U.S. tbe c y lmder 54 which is mounted on the platform 36, 
Pat. No. 3,500,691, issued Mar. 17, 1970, and may be 30 ****** to l"nit the azimuth rotation of the turntable 46 
procured from Humphreys, Inc., of San Diego, Califor- 311(1 therefore of the antenna. 

nia, 92123. The long term motion of the platform 36 is Jt ^ be observed from FIG. 1 that the arched beam 
detected by position or level sensors 160 which are structure 92 is disposed immediately to the rear of the 
mounted along an edge of the platform. One of these turntable 46. A large, clear area or space is thereby 
level sensors senses the angular position of the platform J5 Provided in the rear of the box structure 86 in which 
36 relative to the local vector about the pitch axis, while enables the antenna 64 and the entire box structure 86 to 
the other senses the angular position of the platform move bodily in elevation a full 90 degrees. At the same 
relative to the local acceleration vector about the roll tmie » tbe arched beam structure affords a high degree of 
axis. These position sensors may be devices containing rigidity to the box structure and the entire antenna ap- 
bodies of fluid partially filling tubes, one of which has 40 paratus. 

its axis parallel to the pitch axis and the other of which antenna structure 10 is part of the satellite corn- 

has its axis parallel to the roll axis. Electrodes are pro- municauons terminal shown in FIG. 3, to which refer- 
vided in spaced positions on opposite sides of the bodies encc * now made. The terminal consists of a tracking 
of fluid. The fluids act as a dielectric and change the system 200 which serves to orient the antenna 64 so that 
capacitance presented between the electrodes as a func- 45 * remains pointed in the direction of the satellite The 
tion of the angular position of the fluid in the tube. tracking system 200 includes the azimuth and elevation 
Suitable position sensors may be procured from Spec- motors 134 and 112 and their associated potentiometers 
tron Glass and Electronics Co., of Uniondale, New 140 and 120, the pitch and roll motors 142 and 150 and 
York. The outputs of the rate sensors 156 and 158 and of the pitch and roll sensors 155 and 157. The azimuth and 
the position sensors 160 are used in a servo control 50 elevation motors 134 and 112 and their potentiometers 
Sy ^u ct^^T m detaU hereinafter m connection 140 and 120 are operationally associated with an azi- 
with FIGS. 3 and 8 to 12, for providing control voltages muth and elevation servo control unit 202 This unit 202 
to the pitch motor 142 and the roll motor 150 in order is operated by a heading input unit 204 and dirital to 
to maintain the platform stable. The system maintains analog converters 206. The heading control unit 204 
the platform 36 stable entirely through the use of solid- 55 provides digital signals to the converters 206 which in 
state devices and without the need for gyroscopic sen- turn provides the control signals which maintain the 
sors or stobihzers which are generally unsuitable for use selected pointing angle of the antenna 64 to the satellite 
on board ship where vibrations oftentimes produce Azimuth and elevation command data from manually 
noise and saturate servo control systems. In maritime operated digital switches (e.g., thiuirtrS^wS 
environments ^ a gyroscopically controUed or stabilized 60 which provide binary coded delmial (BCD) output) 2 
system may be inoperative to maintain a platform in inputted to the unit 204. A gywswm^^ 

otlHlT m 8PUe ° f a " d ^ m0ti ° n m tranSlales m P ute from & g^S^SS^ 

It is doable that the wight of the antenna 64 be S t^ta^ 

weight is provided generally ^with out the addfc^f tt'^M m^SSStl^ 
any unnecessary weight by the diplexer 84 and a low control signal to the converters 206. } 
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An automatic position update until 210, which may 
optionally be included, continually provides digital 
azimuth and elevation signals to the heading input unit 
to change the digital azimuth and elevation control 
signals to allow tracking of the satellite without opera- 5 
tor manual updating (viz.! manipulation of the azimuth 
and elevation digital switches except occasionally, sat at 
the start of a voyage). The update unit 210 receives the 
satellite signal, preferably a beacon signal, which may 
be transmitted from the satellite. This signal is picked up 10 
by the antenna 64, amplifier in the low noise amplifier 
162 and detected in a receiver 212 which also forms part 
of the terminal. The update unit 210 responds to 
changes in the strength (magnitude) of this beacon sig- 
nal. In the event that a beacon frequency is not transmit- 15 
ted, the receiver's automatic gain control (AGC) signal 
may be used. The receiver AGC signal may suitably be 
derived from the beacon signal frequency when the 
satellite is designed to transmit the beacon signal. From 
the changes in signal strength, azimuth and elevation 20 
offset data are obtained. The azimuth offset is combined 
with the relative bearing data in the heading input unit 
204 to provide the azimuth control signal. The elevation 
is provided in analog form by the unit 210 and is com- 
bined with the elevation signal from the digital to ana- 25 
log converters which represents the command data 
derived from the elevation thumbwheel switches by the 
heading input unit 204 to provide a composite elevation 
command signal. The azimuth and elevation offsets are 
suitably obtained periodically, say at one hour intervals. 30 
The automatic position update unit may therefore be 
referred to as a step-track unit 

The azimuth and elevation servo control unit 202 
compares the azimuth and elevation command signals 
obtained from the digital to analog converters with the 35 
position feedback signals from the azimuth and eleva- 
tion potentiometers 140 and 120 and generates position 
error drive command signals which are applied to the 
azimuth and elevation motors 134 and 112. These mo- 
tors are preferably stepping motors and the drive com- 40 
mands are then bi-phase sinusoidal voltages having a 
polarity and frequency proportional to the position 
error. Motor drive units for developing these sinusoidal 
voltages are described hereinafter in connection with 
FIGS. 9 to 12. 45 

Inasmuch as the antenna structure is designed to 
travel over a limited range, ± 270° as described above, 
the heading input unit has means for performing limit 
checks for either +270° or —270° while allowing con- 
tinuous tracking without exceeding the +270° or 50 
—270° limits. If the relative bearing (including steptrack 
offset) is greater than 270° and offset of 360* counter- 
clockwise is automatically derived and represented in 
the azimuth control signal. Similarly, if the relative 
bearing is an angle of less than —270* the azimuth con- 55 
trol signal drives the antenna 360* clockwise. 

When pointing the antenna, the elevation and azi- 
muth coordinates of the satellite relative to the ship's 
position are obtained from a look-up table which is 
obtained by conventional astronomical calculations 60 
based on the satellite orbit. These coordinates are set up 
in the thumbwheel switches. The antenna 64 assumes 
the position corresponding to the coordinates and 
points at the satellite. A signal from the satellite is re- 
ceived and the thumbwheel may be adjusted slightly 65 
until maximum signal is obtained. If the steptrack unit 
210 is then enabled, the antenna automatically tracks the 
satellite. If this unit 210 is not used, the thumbwheels 



10 

should be adjusted at least daily until maximum re- 
ceived signal magnitude is obtained. Displays (e.g., light 
emitting diodes - LED) (not shown) are desirably pro- 
vided for readout in digital form of the azimuth and 
elevation feedback potentiometer 120 and 140 signals 
(i.e., the data which are provided to the azimuth and 
elevation control units 202). This shows the true posi- 
tion of the antenna and may be used for verification of 
its position. 

The tracking system 200 has a pitch and roll servo 
control unit 214 which processes the angular rate and 
position signals from the pitch and roll sesnors 155 and 
157 and provides drive command signals to the pitch 
and roll motors 142 and 150 to maintain the stable level 
position of the platform 36 to which the antenna mount 
46 is secured for rotation in elevation and azimuth. The 
pitch and roll motors 142 and 150, like the azimuth and 
elevation motors 134 and 112 are preferably stepper 
motors. The drive commands are, as discussed above in 
connection with the azimuth and elevation servo con- 
trol unit 202, preferably bi-phase sinusoidal voltages. 
The polarity and the frequency of these voltages are 
proportional to composite position and rate errors de- 
rived in the pitch and roll servo control unit 214 from 
the angular rate and position signals produced by the 
sensors 155 and 157; the pitch sensors 155 providing the 
signals from which the pitch motor drive voltage is 
obtained and the roll sensor 157 providing the signals 
from which the roll motor drive voltage is obtained. 

The unit 214 is discussed more (ully in connection 
with FIG. 8 and the motor drive unit which produces 
the bi-phase sinusoidal voltages is discussed in connec- 
tion with FIGS. 9 to 12. It is a feature of the invention 
to eliminate the need for tachometers or rate servo 
loops in the pitch and roll servo control unit 214. 

In addition to the antenna structure 10 and the track- 
ing system 200, there is provided in the terminal, com- 
munications equipment 216 for transmission and recep- 
tion of data, voice and other signals via the satellite. 
Data and voice channels 218, may handle teleprinter 
signals (e.g., PSK or PSK modulated signals) and voice 
signals in separate channels. Time division or frequency 
division multiplexers (MUX) 220 are used to supply 
signals from each channel for transmission by the an- 
tenna 64 after amplification in the power amplifier 164. 
The signals received from the antenna are amplified in 
the low noise amplifier 162. The signals received from 
the antenna are amplified in the low noise amplifier 162. 
The transmitted and received signals which may be in 
different bands (e.g., 1636-1645 MHz for the transmit 
band to the satellite, and 1535-1543 MHz for the receive 
band from the satellite) are first separated in the di- 
plexer 84. The received signals are translated to base- 
band in the receiver and applied to a demultiplexer 
(DEMUX) 222 which segregates the received signal 
into the several data and voice channels. Control equip- 
ment of the type conventionally used in telephone sys- 
tems are provided for selection of available ones of the 
channels. 

The gyrocompass converter 208 unit shown in FIG. 
4 is designed to convert synchro or three-coil D.C. 
step-by-step repeater outputs into a digital word repre- 
senting the ship's actual heading. This word is in three 
digit BCD format so as to be compatible with the azi- 
muth command data which is applied together with the 
gyrocompass converter word to the heading input unit 
204 (FIG. 1). The repeaters are operated by the ship's 
gyrocompass. Merchant ships customarily are equipped 
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with 360 or 1 80 speed repeaters. For the purpose of this era 442, 444 and 446, and are sampled by the reference 
description, repeaters are taken to the 360 speed de- pulses R,from the reference wave sampling circuit 422, 
vices. One revolution (360* ) corresponds to one degree in other sampling circuits 448, 450 and 452. When the 
of bearing. The repeater phase windrog^rminals P„ P 2 reference pulses and phase voltages are of like polarity 
and P 3 (whether delta or star connected) are connected 5 the sampling circuit outputs are positive pulses, and 
to switches 400, 402 and 404 which select either DC conversely when the reference pulses and phase volt- 
step-by-step or synchro repeater inputs. The switches ages are of opposite polarity the sampling circuits 448, 
are shown in the position for selecting D.C. step-by-step 450 and 452 outputs are zero level. The sampling circuit 
repeaters. The reference or rotor winding terminals 1^ outputs are integrated in integrating circuits 454, 456 
and R 2 of the repeaters are connected to reference wind- 10 and 458 so as to translate the positive pulses into posi- 
ing input circuit 406. Similar input circuits 408, 410 and tive levels. Limiter amplifiers 460, 462 and 464 are used 
412 are provided for each phase of the synchro repeat- to equalize these levels at voltages equal to the voltage 
ers. Since the reference winding input circuit 406 is levels produced by the step repeater phase input circuits 
typical, it alone will be described in detail. Series isola- 424, 426 and 428. OR gates 466, 468 and 470 provide 
tion resistors 414 and 416 are connected to the winding 15 these levels either from the step repeater or synchro 
terminals R, and R 2 . A diode 418 clips one phase or inputs, depending upon which inputs are selected by the 
polarity of the reference wave. An optical isolator 420, switches 400, 402 and 404, for further processing, 
including a light emitting diode and phototransistor, The phases of the repeater output voltages P to P , 2Qr 
provides high voltage isolation between the converter and P. 24Ql are fixed. The voltages themselves change 
208 and the repeater bus. The voltage across the collec- 20 with changes in heading. Consider for example, a cer- 
tor resistor of the phototransistor then follows phase or tain heading of 1 59% then the Pq, and P. 240l voltages are 
polarity of the repeater coil voltage which is not high and the P. I2Q , voltage is low. If the heading changes 
clipped by the diode and is used as the output of the one-sixth degree there results a change in the levels 
input circuit 406. In the case of the reference winding corresponding to sixty degrees, since the exemplary 
input circuit, the output is shaped by applying it to a 25 repeater is a 360 speed device. Then only the P* voltage 
sampling circuit 422 which is a solid-state switch, suit- is high. An additional change in heading of one-sixth 
ably of integrated circuit type, say part of a 4016 CMOS degree results in the P^and P. I2Qj voltages being high. A 
integrated circuit. The collector voltage acts as a con- different repeater output voltage or pair thereof results 
trol voltage and connects the positive supply voltage for each additional one-sixth degree of heading change, 
supply, shown at +V, to the output of the sampling 30 The sequence in which the repeater output voltages and 
circuit 422 when the phototransistor is conductive. voltage pairs occur depends upon the sense of the head- 
Otherwise the negative voltage supply shown at - V is ing change. These sequences are detected and translated 
connected to the sampling circuit output. FIG. 5A into a digital number which is stored in a counter 470. 
shows the sinusoidal voltage R u across the reference The counter number is read out into the heading input 
winding, while R,is the waveform at the output sam- 35 unit 204 (FIG. 3) as the actual heading of the ship, 
plmg circuit 422. The repeater output voltages are first converted into 
Input circuits 424, 426 and 428 are provided for each pulses having a duty cycle which corresponds to the 
phase of the step repeater. The input circuit 424 is typi- change in heading. The voltages P^ P l2Qr and P 24Ql 
cal. An isolation resistor 430 and a bridge rectifier 432 respectively key three reference sinusoidal waves F 
are : connected across the phase winding (viz., from P, to 40 F. I20 and F_ 240 , which have corresponding phase rela" 
Rj). A pair of back-to-back zener diodes 434 limit the honship. These waves have a frequency much higher 
voltage across the rectifier. Either polarity of D.C. than the frequency of any of the repeater voltages- for 
phase winding voltage is accepted and is applied via a example, 1 KHz being suitable. Reference waves are 
filter made up of a capacitor 436 and a resistor 438 to an generated by a 1 KHz reference oscillator 472 which 
optical isolator 440, like the isolator 420. Whenever the 45 provides the reference sinusoidal waves F 0 and a pair of 
phase winding has a voltage induced therein, which will phase shift networks 474 and 476 connected to the refer- 
be for a one-hundred-eighty degrees sector of a revolu- ence oscillator which provide the waves F I2D and F 
tion of the repeater shaft, the level at the collector of the which are shifted 120* and 240° in phase relative to the 
phototransistor will be low (which is the enabling level reference wave, The reference waves are shown in 
to the sampling circuits). Each of the step repeater input 50 FIG. 5B. 

circuits 424, 426 and 428 thus provide output levels Keying is carried out in signal mixer gates 478 These 

which are displaced 120 degrees with respect to each gates may be implemented by a solid state, integrated 

other and depend upon the position of the repeater circuit switch, for example a CMOS integrated circuit 

shaft. These voltages are illustrated as three waves P*, type 4016, where the repeater voltages are applied to 

P.i2Q,and P.24o*in FIG. 5A. 55 the control inputs. A summing network 480 of three 

Similar voltages are obtained from each phase of the resistors connected to an amplifier 482 combines the 

synchro repeater, when selected by the switches 400, reference waves which have been keyed. The reference 

402 and 404. The outputs of the synchro repeater input wave F 0 and the combined reference waves are limited 

circuit are sinusoidal waves, as illustrated in waveforms by limiter circuitry 484 and 486. The limiter 486 pro- 

Po» P.iajand P. 240 iB FIG. 5A. By virtue of the operation 60 vides the limited combined wave SM which is in the 

of the synchro repeater, the phase of the sinusoidal form of a square wave related in phase to the limited 

voltage from each phase winding relative to the phase reference wave F^^in accordance with the sequence 

of the reference waves depends upon the angular posi- of the repeater output voltages, 

tion of the phase winding (see the test "Principles of Consider the case where only the repeater voltaee 

Radar" by Reintjes and Coate, McGraw Hill, 1952, 65 P* is high; P. 120l and P. 24C , being low. Then only the 

Chapter V, for a detailed discussion of the operation of reference wave F g is keyed by the mixer gates 478 The 

synchros). The sinusoidal phase voltages at the outputs SM output is identical to and in phase with the F 

of the circuits 408, 410, and 412 are amplified in amplifi- pulses from the limiter 484. This condition may exisfm 
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the event that there is no heading change. It may be transistors of the staircase wave. The transition detector 

desirable to shift the phase of the F 0 wave slightly, say 500 may include a differentiating circuit followed by a 

about seven degrees before application to the limiter to one-shot which is triggered by a positive pulse of 

provide a fixed offset phase relationship so that D.C. greater than a threshold amplitude so as to cUscriminate 
output is provided even though there is no heading 5 against and be responsive only to the larger transition 

change. Now, when the heading changes one-sixth occurring upon a full degree change. The other transi- 

degree (see FIG. 5A) the sequence of repeater voltages tion detector 502 may be similar to the detector 500 but 

consisting of P^ and P. I20J is produced. This keys both be responsive to a negative pulse of at least threshold 

the F 0 and F. I20 waves to the summing circuit 480 and amplitude. The pulses from the transistion detectors 500 
the combined wave F 0 and F. l2 o» as shown in FIG. 5B, is 10 and 502 are applied to increment the counter 470, which 

produced. This combined wave is 60' out of phase with is an up/down counter, by being connected to the up 

the reference wave F„ and when limited produces the and down inputs thereof. 

pulse train SM^. Now, if the heading changes another The counter is initially preset to the actual ship's 
one-sixth degree in the same direction, the repeater heading. This may be accomplished by digital thumb- 
voltage sequence consists only of the P. m voltage. Only 15 wheel switches which are connected to the phase 
the F.,2o wave is then keyed. The limiter 466 then pro- counter inputs. The actual heading is inputted by a 
vides the SM. I20 pulse train which is shifted another 60° load-initialize command to the counter 470, which com- 
and is 120* out of phase with the reference pulse train mand may be generated by a push button. The counter 
K L Tp- Another one-sixth degree heading change results is desirably a three-digit BCD counter to facilitate inter- 
in the repeater voltage sequence P. 120 and P. 240 . The 20 facing with the switches and with the heading input unit 
F. 120 and F. 240 reference waves are keyed and combined 204 (FIG. 1). If the count increases above 359° or below 
like the F 0 and F. 120 waves illustrated in FIG. SB, but zero degrees, the counter is set to zero degrees for the 
produce a combined wave one-hundred-eighty degrees 359* case and to 359° for the 999 case, by a comparator 
out of phase with the reference wave F^ The limiter 486 504 which detects passage through 359 or 0% by pro vid- 
then provides the SM. I80 pulses. For each additional 25 ing a reset pulse upon counts of 359 and 999. Accord- 
one-sixth degree of heading change a limited pulse train ingly, once the counter is initialized to agree with the 
SM, shifted by an additional 60% is similarly produced. ship's gyrocompass, which initialization should occur 
The sequence is repeated for every full degree of head- whenever the gyrocompass is started or the tracking 
ing change. system 200 is turned on, the gyrocompass converter will 
The pulse train SM is applied to a differentiating and 30 assure that the count in the counter agrees with the 
clipping circuit 488 which produces a positive pulse at actual heading. No complex shaft encoders are re- 
the leading edge of each SM pulse. The F a , ^pulse train quired, the ship's repeater outputs alone providing the 
is applied to a similar differentiating and clipping circuit actual heading in digital form. 

490. A flip-flop phase detector 492 provides the pulse The gyrocompass converter also provides an azimuth 
train PD which has a duty cycle corresponding to the 35 trim voltage. This voltage, which is the amplitude of the 

phase relation between the I? ro and the SM pulse staircase, is proportional to the heading in one-sixth 

trains. The duty cycle of the PDpulse train therefore is degree steps and may be summed with the azimuth 

proportional to the heading change. The repetition rate potentiometer 140 voltage in the azimuth servo unit 202 

of the PD pulse train is equal to the reference oscillation (FIG. 1). This provides a tracking resolution of one- 
472 frequency (1 KHz) since the flip-flop 492 is set by 40 sixth degree and smooths the servo response to change 

each T 0LTD pulse. The SM pulses reset the flip-flop 492 in heading. 

and the time of resetting is later in each pulse period for Referring to FIG. 7 there is shown a system suitable 
greater phase shift. For the in-phase case, the SM pulses for use as the automatic position update or steptrack 
are in phase with the F„ rx) pulses, the duty cycle is zero, unit 210. This unit provides azimuth and elevation step 
unless a small phase offset is introduced in the F 0 wave 45 commands in accordance with the received signal 
before it is limited, as mentioned above. The SM^ pulse strength R r Since the received signal strength varies in 
has a short duty cycle, the SM.^ pulse a longer duty the short term, as with the roll of the ship, it is necessary 
cycle, the SM. IS0 pulse a still longer duty cycle, and so to integrate the received signal to provide a long term 
forth, until for a full degree of phase shift the flip-flop average value of the signal strength which is then used 
492 becomes reset and the PD output is a high D.C 50 to generate the azimuth and elevation step commands, 
level until the reset occurs. The integration interval is desirably a relatively long 
The phase detector output (the Q output of the flip- period of time. This interval may be varied in order to 
flop 492) is applied to a staircase generator 494, which suit operational conditions. After the integration or 
is implemented by a RC integrating circuit 496 and an sampling interval, a period of time, say ten seconds, may 
operational amplifier 498. A staircase voltage, as illus- 55 be allotted for deriving the step commands and orient- 
trated in FIG. 5C, is produced as the heading changes tog the antenna in response thereto, 
since the D.C. or average value of the pulse trains PD is It is desirable to step the antenna alternately in azi- 
proportional to their duty cycle, which varies in one- muth and elevation. This allows independent orienta- 
sixth degree steps. The staircase wave repeats each full tion of the antenna in azimuth and elevation such that 
degree of change. In the event that the heading change 60 the antenna is able to step in opposite directions for 
is in the opposite sense (viz., in plus one-sixth degree changes in azimuth and elevation which may be re- 
steps) the staircase wave will, of course, ascend. The quired in order to maximize the received signal 
wave repeats by exhibiting a negative-going transition, strength. 

each degree of change in heading in one sense (say The signal corresponding to the received signal 

negative) as shown. A positive transition accompanies a 65 strength is applied to a voltage controlled oscillator 

degree of change in the opposite sense. (VCO) 600 which produces a pulse train having a repe- 

Positive and negative transition detectors 500 and 502 tition rate corresponding to the received signal 

provide output pulses upon the positive and negative strength. This pulse train is applied to prescaling count- 
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ers 602. These are programmable counters which are set bits of the old digital word stored in the shift register 

by step rate select switches 604 to divide by different 620 are compared with the bits of the current digital 

ratios corresponding to different step rates, say one step word stored in the shift register 618, bit by bit, lowest 

per hour down to one step each 10 minutes and at ten order bit first. At the end of the 16 bits, the output of the 

minute intervals therebetween. The prescaled VCO 5 serial compare logic 622 will be a level which is high 

output pulses from the counter 602 are counted in a when the current digital word from the register 618 ifa 

12-bit counter which serves as an accumulator 606. The higher number than the previous digital word from the 

count stored in the accumulator over the stepping inter- register 620. 

val is proportional to the integral of the signal strength In order that elevation and azimuth step commands 

over that interval. The prescaling counters 602 insure 10 may be derived alternately, so that the antenna may be 

that the accumulator 606 wJl not.overflow. stepped alternately in elevation and then in azimuth, 

The sampling interval is selected by means of a timing then elevation, etc., switching logic and gates 624 are 

th™^!^™ ^. pukc <™> Which ™* provioed - ™ e tinun 8 P« Ise «« era tor 616 generates two 
the accumulator 606. This Uming chain is operated by levels AZL and ELL immediately after the last of the 
tagh frequency clock oscillator 608. This escalator 15 SF pulses (viz.. after the compare cycle is completed) 
antes a h.gh frequencj^say 250 KHz. pulse train to a These two levels AZL and ELL may be implemented 
timing generator CM. The timing generator 610 may by means of a triggerable flip-flop logic arrangement 
consist of a series of flip-flops which control gates for which provides a high AZL level and then a high ELL 
producing clock pulses CLK, to CLK, which are of the level alternately after the end of each chain of SF clock 
same repetition rate, say 62.5 KHz, but are in sequential 20 pulses. When an AZL level is produced, the gates in the 
phase relationship. The timing generator 610 may also switching logic and gates 624 are enabled to provide 
include counters for dividing the clock oscillator pulses azimuth step pulses (AZSTP). Conversely when the 
m frequency and applymg them to prescaling counters ELL level is high, gates in the logic and gates 624 are 
612 .denocal to the counters 602 which are used to conditioned to pass the elevation step pulses (ELSTP) 
prescale the VCO output pulses. The output pulses 25 These gates pass the clock pulses from the timmg gener- 
ftom the timing chain prescalmg counters 612 occur at ator 610. The switching logic and gates 624 also gate the 
ffTFEZPPj*, M mte S ration mterval and output of the serial compare logic 622 to either an azU 

SuJE^S^^^ 6 !i*K Which l \T muth COmmand "iP-flop 626or an elevation con^ma'd 
abled by the INTFN pulse and triggered by one of the flip-flop 628. JK flip-flops may be used for the flip-flops 

of^SrTN^TO^ 63 ^^ 30 628. They wiU store L direct^ „ whkhT 

of ume after the INTFN pulse. The accumulator 606 is antenna was stepped in azimuth and elevation during 

STJEtL i™ ^T^ OD W ! C ? a, i£ rrCSpOIlding t0 ^ P revions ste P- If the si g°*l length during the cur- 
the step rate selected by theswitches 604 b established; rent step increased (the contents of the shift register 618 

Slf-n STRT Tt 7 rith **** than the of the shift regLr 620) 

INTFN pulse It will be observed that the timing chain 35 the state of the flip-flops is not changed. Conversely if 

the SL" t 38 ™ 6 , W3 2 V ^V^™ e 'V ,b,ed f0f ** Si6nd Strength diminished, the flip-flops change 
£n,ZT^f., w a ^ W !. th - V< r° J^ses to be state. Only the flip-flop which is active during the ste? 

mputted to the accumulator 606 during the mterval that either the azimuth flip-flop 626 or the elevation flip-flop 

Li?LIL e S££J ,,e £T 8 8180 mClUdeS \ 638 ^ ,evel at thc out P ut of *e seriS compare 
tirmng pulse generator which produces a sequence of 40 logic 622 gated to its J and K inputs. Accordingly the 

tnnmgpulsesattheconclusionofeachintegrationinter- flip-flops store the direction in which thTanX'wS 

altow the azimuth elevation step command to be de- previous step. The azimuth flip-flop 626 provides at it! 

x2. r... „r .i. i • .• t Q and Q output levels indicating the direction of the 

tP%?- fas, /*^ to . ,sa PP^ to the parallel shift 45 azimuth step, either clockwise or counterclockwise 

™Sl ^ aocumu ^ 0 5 en f er . ed " Ne * a "am of AZCCW command in FIG. 7. Correspondingly^ Q 

aSSZrjZZg* ^ 7?" !? nerat ° r a " d 5 ° Utpute of elevation fli P- fl °P 62« Provide 

616 These pulses SF are 6 in number (the shift regis- ELUP and ELDWN commands indicating the direc- 

Z ^ 7 a 16-bjt capacty) and may be obtained by 50 tion in which the antenna was stepped"* devaton 

T°*7 "T^ coun,er «»"»» rith « »P or down, during the previous step The 

one of the clock pulses from the tuning generator 16 and AZSTP and ELSTP pulses L used in concert w^th the 

when 16 of such pukes are counted, inhibits the pulses AZCWCMD, AZCCWCMD, ELUP and ELDWN 

from being ; applied to the clock input of the shift regis- levels to generate the step cornmands 

ter 618 and also to the clock input of a similar shift 55 The elevation commands and step pulses are con- 

SfS ^ to « 0 - S , m «* eou «P«Q^the 8 hiftregister618 verted into an elevation step cormLd ! which is an 

Si renter £flf£&*? W f " ^ ^ ^ « «"« f S c^uj f« «2 

shift regjster 620. At the beginnmg of each computation and 634, and a difference amplifier and mtcgrating dr. 
cycle for denvmg the step commands, there will be «0 cuit 636. The gates 630 no rmally P w the dS 1 pulses 

stored in the shift reguter 620 a digital word corre-. derived from the timing generator 6 0 sLSeou W 

spending to the mtegrated signal strenth R, during.. to both of the counters 632. The 

previous step, while the sluft register 618 will store, count in phase and their outputs which are ,Sed 1 to 

when the P/S pulse is apphed thereto, the digital word the inputs of the differential ampler So £ 

SeSS I " Bwd Signal S * rength W Phase - outout of the diffc -"^ -iS w¥ £ 

en , P ' • , . zero and the elevation step command is then not Dro- 

The SF pulses are sunultaneously applied to serial duced. When however, an ELDWN leveH apri ed to 

compare logic 622. Dunng each computation cycle, the- the gate 630, the gates are enabled to^MSl? 
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pulses so as to inhibit the CLK 3 pulses from being ap- 650 and 652 produce trains of pulses which are rela- 
plied to one of the counters 632. The other counter 634 tively delayed (i.e., phase related). The delay or phase 
operates at the full CLK 2 clock pulse rate. Less pulses relationship depends upon the number of pulses which 
will be counted in the counter 632, than in the counter the preset divider 642 is conditioned to output as well as 
634 during like intervals of time. The pulse train pro- 5 whether the CCWCMD or the CWCMD levels are 
duced by the counter 632 is therefore effectively de- present These pulses are applied to phase-detecting 
layed or phase shifted with respect to the pulse train logic 654. The phase-detecting logic may consist of 
produced by the counter 634. This delay is detected by flip-flop counting chains made up of D-type flip-flops, 
the differential amplifier 636 which passes output pulses The final flip-flops in each chain arc interconnected 
during the interval between the leading edges of the 10 such that when the pulses from the decoding gates 650 
output pulses from the counters 632 and 634 when these and 652 are in phase, both flip-flops will be in the same 
pulses do not overlap. The polarity of the differential state. The time interval when the flip-flops are not in the 
amplifier output pulses is a function of the relative phase same state is proportional to the phaseshift or delay 
shift (i.e., whether the counter 632 pulses lead or lag the between the pulse trains from the decoding gates 650 
pulses from the counter 634). These pulses, when inte- 15 and 652. Gates 656 are enabled when at least one of 
grated, produce an analog voltage which is applied to these flip-flops is set, thereby indicating the need for an 
the elevation servo control unit as the elevation step azimuth step command. The AZCNT pulses are pro- 
command, vided by the timing generator 610 clock pulses which 

A similar arrangement of counters 638 and 640 are are passed when the gates 656 are enabled. The gates 
used to generate the azimuth step command. Inasmuch 20 656 however, are only enabled when the heading input 
as the azimuth step command is combined digitally with unit provides an FN, pulse to a delay circuit 658. This 
the azimuth data gyrocompass converter data in the FN, pulse is produced, as will be discussed hereinafter 
heading input unit 204 (FIG. 1), the azimuth step com- in connection with FIG. 6, when the desired azimuth 
mand is provided in the form of a digital word and orientation has been computed in terms of the relative 
specifically a word constituted of a sequence of pulses 25 bearing between the azimuth command data and the 
equal in number to the azimuth step. These pulses are azimuth data from the gyrocompass converter. The 
labeled in FIG. 7 as the AZCNT or azimuth count delay circuit output pulse, which enables the gates 656, 
P^ ses ' is of duration sufficient to permit the gates 656 to pass 

It may be desirable to select the size of the azimuth the number of azimuth count pulses corresponding to 
step so that the heading correction upon each step may 30 the largest desired azimuth step. A delay circuit also 
be adjusted for optimum size base upon antenna beam produces the FN 2 pulse connoting that the AZCNT 
width and desired pointing accuracy. For example, a pulses have been outputted. Another gate 660 is enabled 
maximum step size of one-half degree for a step, may be by the FN, initiated pulse from the delay circuit 658 
desired. To this end a preset divider 642 has preset This gate 660 also has the output level of an output 
inputs to which levels are applied by way of azimuth 35 flip-flop of the phase detecting logic 654 applied 
step size selection switches 644. The present divider 642 thereto. Since the state of this flip-flop corresponds to 
then counts a predetermined number of pulses, say from which one of the CCWCMD or the CWCMD level was 
1 to 16 pulses, which must be applied to its clock input present, the output of the gate 660 corresponds to the 
before the divider 642 provides an output pulse. One of desired direction of the azimuth step, either clockwise 
the timing generator 610 clock is connected to the clock 40 or counterclockwise. This level, labeled AZDIR is 
input of the divider 642. The azimuth step pulse line is applied with the AZCNT pulses to the heading input 
connected to the p re-set enable input of the divider. unit 204. 

Thus, for each azimuth step pulse an output pulse will The heading input unit 204 is illustrated in FIG 6 
be provided from the divider 642 for every 1 to 16 clock The azimuth data word corresponding to the actuai 
pulses m accordance with the setting of the switches 45 heading of the ship is inputted from the counter 470 of 
644. After each cycle, the preset divider is inhibited, the the gyrocompass converter 208 (FIGS. 3 and 4) into 
output pulse being applied to its inhibit INH input. parallel inputs G 0 to G I00 of a three-digit BCD up-coun- 
Thus, only the selected number of pulses is produced ter 670 when a load pulse is applied to the parallel en. 
for each azimuth step pulse. These pulses are applied to able (PE) input of the counter 670. The azimuth com- 
? a ^J5JfJS together with the azimuth commands 50 mand data from the thumbwheel switches is inputted to 
AZCCWCMD and AZCWCMD. the B inputs B 0 to B I00 of a comparator 672. The digit 

The output of the gates are applied to the clock en- storing stages of the counter 670 are inputted to the A 
abled input of the counters 638 and 640. When inputs Aoto A 100 of the comparator 672. 
AZCCWCMD is present, the gates 646 pass the present The stages of the counter 670 which go to the A 
divider pulses to the clock enable input which serves to 55 inputs of the comparator 672 also go to A inputs of a 
inhibit the clock from the timing generator 610 which is comparator 674. The B inputs of the comparator 674 are 
applied to the clock input of the counter 638. The hard wired to represent a BCD word corresponding to 
counter 638 may be CMOS integrated circuits, Type 360. The compare output (A=B) of the comparator 674 
4520, in which the clock enable pulses effectively blank is applied to the reset input of the up-counter 670 Ac- 
the clock pulses. The number of pulses counted by the 60 cordingly, whenever the counter 670 counts up to 360' 
counter 638 when CCCWCMD is present is less than it is automatically reset by the comparator 674 to 0 B - 
the pulses counted by the counter 640. Conversely, azimuth computations in excess of 360° not beinjr al- 
when the CWCMD level is present, the counter 640 lowed. Clock pulses, as from the timing generator 610 
will coimt fewer pulses than the counter 638. When the (FIG. 7), are gated via an AND gate 676 and applied to 
counters 638 and 640 reach a certain count, decoding 65 the clock input of the up-counter 670. A number of 
gates 650 and 652 will provide output pulses. The pulses (#CLK) is therefore gated to upcount the 
counters 638 and 640 recycle when they reach their counter 670 until the azimuth command data word 
maximum up-count. Accordingly, the decoding gates equals the data word in the counter 670 One #CLK 
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pulse is outputted for each degree in azimuth. Since the load pulse sets a flip-flop 686 which provides a level UD 

up-counter 670 was preset to the actual ship's heading. to the up/down input of the counter 678. When the 

the number of these clock pulses #CLK is equal to the flip-flop 686 is set, the UD level represents a binary " 1" 

difference between the azimuth command heading and and conditions the counter 678 to count up. In the event 

the ac ual ships heading (i.e., the relative heading 5 that the azimuth direction is clockwise! the AZDIR 

SSf ^T S ™l aSS " m * t0 ^ i° dircction ,cvel which is 10 * e ^et input of the flip-flop 

P ScLK LCS ITT 1 .l?^, „ • , ? 6 by WSy ° f M ° R 688 is loW ^ nip-flop «6 
The #CLK pulses are apphed to the clock input of a is then not reset and the AZCNT pulses are allowed to 

i «« ma r? u P /d0W ° c ° unt e' «™ by way of an OR up-count the counter 678. Conversely, if the AZDIR 
£££ 678 ^«f\"^ve heading 10 level is high, a counterclockwise azimuth Sep Re- 
register. The computation cycle when the relative head- tated. The flip-flop 686 is then reset and the^ZCNT 

M"™?." """^ & thC pUlSeS - ™ S CyC,C ^ serve to count number pr«et into the counS 
r^rlTS 8t 20 r""^ "'r 215 ' f ° r eMm - 678 m 3 inward direction; thu£ representing a ™u„- 
ple. The load pulse is also apphed to the preset enable terclockwise azimuth step. After the steotrack evele 

representing an angle of zero degrees in offset binary include a one-shot, and generates a raet pulse whicTu 

sents U , F 12 to P„ is 001000000000. When the counter is the reset condition until the next computation evele 

HESTt V ,t h, £ he ? order digit p, ° remains 8 which b initiated ,he !«*» pS rdTSIterSl 

one bit, while the other bits mcrease in accordance with 20 is conditioned to count down 
the binary code. When the counter is down counted, the The reset pulse from the reset logic 690 also resets the 
P, 0 becomes a zero and the renaming bits become bi- counter 692. This counter 692 is part ofThe oric wh ch 
nary one bits. Thus, by upcounting the counter or enters 360 pulses on the 360 PP lL into tfie clSout 
downcounting the counter, heading changes in opposite of the counter 678 by way of the^gate ^ ^ 

tr^Z?^ 1 * ^^TT d - ^ P,obit ' * " 25 Pemit the counter ^ couit downed*" eby unwrap 
one specfies that tte relative heading is in a positive, the cable (turn the antenna counterclockwise) whence 
clockw^e sense, while if a zero, specifies that the rela- upper limit +270* is reached nler ° ,0C,CW,Se> wncn the 
uve heading is ma negative or counter-clockwise sense. The counter 692 count* th* n v „„i. e 
The use of offset binary code simplifies the limit check tin£g g" S~ft£SS^2! 
wheh is employed m this system to limit rotation of the 30 the counter up only after the relativ 2 
antenna m azimuth between limits of +270' and -270% computed byWon of *U?oSSVS^LS^ f " 
as was explained above in connection with FIGS. , and 672 fthe FS^J^tS^ of 

comparator 682 which receives the numbers stored in 35 been applied to the counter, does anuDK^mt cvLfe 

JT • "/.^ *V° Buare SUppHed by fonned Mtil ■«« an azimuth step is completed The 

code generatmg logic 684 The B word represents ei- output of the counter 692 is applied to which 

Wnich nir^- C ° rreSP ? nd " g * +27 °* or - 270 '- decod e *e counter number when Se'STreSS 

Which number is generated depends upon whether the 40 360. In other words the gates 694 provide a low outout 

relative heading stored in the counter 678 is a positive level during the counting c*de^S2^Ae^Z?«r 

or negatrve number. When the number is positive, the zero and 360. or biV'S^M^T^ 

9m f tL t ?° «? 12 nUmber corres P ond » 'o we 366 PP line to the OR gate 680 to down-count the 
-270. The comparator 682 provides two outputs, one counter 678 

^r te ^ 678 "T b " " P 8 "' than 270 '« 8nd 14 wi " be reca '^ d th« the counter is conditioned to 
£ ™ r?l *r r° ber m tbe C0UBter 678 b ,ess 50 ^^bythe^ielromUier^toSMntow^ 

that the pulses are applied only after the relative bearing fun-fl™ 700 is set irTZ IZ^JT I ■ , . 
is determined from the azimmh command data and thf -270Mhe flin flon T*? V^- ^ 

gyrocompa. converter data, the output level from ^ JfhXSfiSiZS JtLXS^S t° 
comparator 672 when the A and B numbers are equal is 60 cordinalv unless ttevLZ L S v ■ ■ Ac ' 
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is applied to the azimuth digital to analog converter and fore perpendicular to the axis of the toroidal structure 
then to the azimuth servo, insures that the antenna re- 226. 

mains within the plus or minus 270* operating sector A central or axial electrode 230 is provided in contact 
thereof. with the liquid 228 and a pair of outer electrodes 232 

The decode gates 694 provides a transition between 5 and 234 are in contact with the liquid and angularly 
low and high levels once during each computation cy- displaced from each other, symmetrically on the outside 
cle. This level is applied as a parallel entry level to the of the toroidal structure 226. The central electrode 230 
P/S input of a buffer register 704. The number stored in and each of the outer electrodes 232 and 234 form a pair 
the counter 678 is then transferred to the register once of variable capacitors (shown by the dashed lines) hav- 
each computation cycle. The register 704 then isolates 10 ing a capacitance which is a function of the position of 
the digital to analog converters 206 for the short term the liquid 228. In other words, the sensor 160 provides 
variation during the computation cycle so that only the a capacitive differential which is used to develop a 
final computation during each computation cycle is position error voltage which is proportional to the devi- 
utilized in providing the azimuth command. ation of the pitch axis from a level or horizontal posi- 

The steptrack unit 210 is operated so that it produces 15 tion. The position sensor 160, thus, provides an output 
a maximum of 180 AZCNT pulses per step. Accord- which corresponds to deviations from the vertical, but 
ingly, the AZCNT pulses, can not alone and without with a solid-state device, thereby obviating the need for 
any #CLK pulses, cause the count in the counter 678 to gyroscopic devices and similar rotating machinery 
exceed the limit. There is no interdependence therefore which are susceptible to unwanted components of posi- 
between the steptrack operation and the limit check 20 tion, such as vibrations and centripetal and tangential 
operation. Consider the case when a negative limit accelerations which are significant inasmuch as the 
-270* is reached. Although the 360 PP pulses are not sensors (both the angular rate sensor 156 and position 
applied upon reaching the negative limit, it will be ap- sensors 160) are located with the antenna structure on 
predated that there will be a difference between the top of the ship's mast which may be 50 feet or more 
gyrocompass converter data and the azimuth command 25 above the deck. The position sensor 160 then provides 
data which will be recognized and translated into a outputs for representing the desired fixed level position 
sequence of #CLK pulses on the next computation of the stable platform 36, while the angular rate sensor 
cycle. Since the up/down counter is conditioned to provides outputs for keeping the platform in the level 
count up on the next cycle, the number inputted in the position determined by the position sensor. Thus, if the 
counter will always be such as to provide an azimuth 30 antenna structure was out of level position and was 
command to rotate the antenna in a clockwise direction otherwise stationary, as is the case when the system is 
until the desired heading between the plus and minus turned on and power is first applied thereto, there being 
270* limit is obtained. The heading input unit therefore none of the pendulous type motions which are pro- 
responds to data from all of the sources (viz., the gyro- duced when the ship is at sea and no rate sensor outputs, 
compass converter, the thumbwheel switches and the 35 the position sensor outputs will then cause the antenna 
steptrack unit) so as to provide azimuth commands to structure to erect until the antenna is level. Thereafter 
maintain the antenna pointed in the direction of the as the antenna structure is subjected to pendulous mo- 
satellite, tions, the rate sensor outputs cause the antenna to main- 
Referring now to FIG. 8, there is shown the pitch tain its stable position, all without the need for gyro- 
servo control 224 system which is part of the pitch and 40 scopic or similar rotational machinery, or complex 
roll servo control unit 214 (FIG. 3). The pitch system servo mechanisms, having rate loops, brakes and the 
receives inputs from the pitch angular rate sensor 156 like. 

and the pitch position sensor 160, while the roll system The signal from the rate sensor 156 is amplified by an 
receives its inputs from the roll angular rate sensor 158 amplifier 236 which preferably has a low pass filter in its 
and roll position sensor. The mechanical arrangement 45 input circuit which blocks any high frequency compo- 
of these sensors is shown in FIG. 2. The pitch system nents in the rate sensor output signal. Thus, signal corn- 
operates the pitch motor 142, while the roll system ponents due to electromagnetic power line pick-up 
operates the roll motor 150. Otherwise the pitch and (eg., 60 or 120 Hz) vibrations are removed from the 
roll systems are similar. rate error signal, which is applied to a summing circuit. 

The angular rate sensors for pitch and roll are also 50 This summing circuit consists of two resistors and 
similar and are preferably the fluid devices in which the R 2 connected to the summing junction 238 of an inte- 
fluid path (center line of a fluid jet) for the pitch sensor grating amplifier 240. The value of Ri through which 
is parallel to the roll axis, while the fluid path (center the position error signal is applied to the junction 238, is 
line of the fluid jet) for the roll sensor is displaced ninety much greater than the value of R 2 (e.g., thirty times 
degrees so as to be parallel to the pitch axis. Reference 55 greater). Thus, in the composite signal produced by 
may be had to A. G. Moore, U.S. Pat No. 3,500,691, combining the position and rate error signals, the rate 
which was noted above, for further information re- error signal has a much greater effect than the position 
specting the angular rate sensors. error signal. The response of the servo system to 

The position sensors 160 are also fluidal devices. The changes in position (velocity) of the platform are more 
pitch position sensor 160 shown in FIG. 8 is similar to 60 rapid than to the position (actual displacement) of the 
the roll position sensor, except that their fluid paths are platform with respect to the horizontal, thereby allow- 
oriented, like the rate sensors; the pitch position sensor ing the position sensor output to be used as an inertial 
fluid path parallel to the roll axis, and the roll position reference, The net effect is that the platform remains 
sensor fluid path ninety degrees displaced from the stable while the ship moves under the platform, the ship 
pitch sensor fluid path and parallel to the pitch axis. The 65 being much like the free end of a pendulum, 
position sensors are toroidal (doughnut shaped) struc- The differential capacitive circuit provided by the 
tures 226, which ar partially filled with a dielectric position sensor 160 is utilized by applying 180* out-of- 
liquid 228, e.g., ethylene glycol. The fluid path is there- phase signals to the outer electrodes 232 and 234. These 
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signals are obtained by applying a sinusoidal voltage, tal movement) of stepper motors gives rise to erratic 

suitably of 400 Hz, to a phase splitter 244 (e.g., an in- behavior which is a function of the load driven by the 

verting amplifier), which provides the in-phase (+) and motor, and the load must ordinarily be limited so as to 

out of phase ( -) voltages to the electrodes 232 and 234. reduce the time at the end of each step which must be 

If the liquid 228 is level, the capacitances between the 3 allowed for the motion to settle (damping) before the 

outer electrodes 232 and 234 and the center electrode next step commences. Such erratic behavior is elimi- 

230 are equal, resulting in zero output On the other nated in accordance with this invention, and smooth 

hand, if the liquid 228 moves clockwise relative to the continuous motion which is also continuously variable 

toroidal container 226, the capacitance between the in speed is obtained by applying the bi-phase (quadra- 

center electrode 230 and the outer electrode 232 be- 10 ture related) sinusoidal voltages to the phase windings 

comes greater than the capacitance between the center 258 and 2(0 of the stepper motors. These voltages are 

electrode 230 and the other outer electrode 234. The limited in magnitude for the stepper motor which, and 

out-of-phase ( -) voltage then becomes greater than the selected to be of such amplitude that the core material 

in-phase (+) voltage. Conversely, relative movement of in the stator and rotor of the motor does not saturate, 

he liquid in the counter clockwise direction results in 15 The magnetic field B,produced by the sinusoidal wind- 

thcin-phase (+) voltage becoming greater. ings will be constant namely B, = KV„ V sin'(wt) + 

.iZ^i ™ rd f' ,onshl P of *e ullage at the center c^wt) = KV<r The angular position of the field/and 

electrode 230 with respect to the m-phase voltage at the therefore the position of this rotor 262 is 9 = tan"' [sin 

input of the phase sphtter and the relative amplitude of (wt)/cos (wt)] = wt. The speed of the motor therefore 

these voltages, corresponds to the sense and amount of 20 is equal to w which is the frequency of the sinusoidal 

the variation in position of the pitch axis from level, voltages. Accordingly, the speed of the motor is pro- 

~2 l f ... . JJt L portional to the frequency of the bi-phase motor drive 

A D.C. position error signal is provided by coherent voltages. The motor drive circuit 256 produces these 

or synchronous demodulation of the voltage at the voltages such that their frequency is proportional to the 

center electrode 230 This voltage is amplified in an 25 control voltage V e The torque is proportional to the 

amplifier 246 and applied with a reference voltage (the peak value of the amplitude of these voltages and a 

^nr^« V0 ^ g % t0 th S P ?T 6 Si"" t0 a d , em ° du - constaat tor " ue * ***** by maintaining the peak 

lator 248. The demodulator 248 may be a solid-state amplitude V„ constant. The motor 142 therefore has a 

analog switch in the form of an integrated circuit to smooth rotational velocity which is proportional to the 

^ rek ^l DSX A VOlt ?'* app^as a switch con- 30 frequency of the bi-phase voltages which in turn is 

trol voltage. The demodulator 248 thus samples the proportional to the amplitude of the control voltage V 

sensor output voltage. Thesamples are applied to a low The sense of the rotation of the stator (viz., the direc'- 

° f inte 8 ratin 8 tion of station of the motor shaft) corresponds to the 

plifier 252. The amplifier 252 is suitably an operational polarity of the control voltage V c with respect to a 

amplifier which has maximal feedback for high fre- 35 reference voltage. This reference voltage may be zero 

qU iT y i (C ^"v abo r e f 10 exponents and provides volts. Accordingly, when thecontrol voltage V c is posi- 

relatvely high gain for the low frequency components. tive, the shaft rotates in one direction (say clockwise) 

Jr^i^F !U ^ S,t ' 0n "? gnal Which is wMe whea to control volta 8e V,is negative the shaft 

applied to the summing junction 238 resistor R„ is pro- will rotate in an opposite direction (counter-clockwise) 

portional to the change in the position of the pitch axis 40 To reverse the shaft direction a negative frequency -w 

" wte ^. ( re /» ence POjWon. i, used as the frequency of the sinusoidal voltages. This 

A notch filter circuit 254 is tuned to reject signals at merely requires a reversal in polarity of the Vsinwt 

the frequency at which the antenna structure is mechan- drive voltage as will be apparent from the governing 

•SimST V? T P n ° f S C ^ . m * te tri 8onometric relationshipswhich are set fo4 befow 

amplified, is a control voltage V e which is applied to a 45 V = V„cos (- wt) = V cosfwt) 

motor drive unit 256, where the control voltage is con- ° 

verted into bi-phase (or quadrature related) sinusoidal V = V„sin (-wt) = -V^infwt) 

voltages V„coswt and ± Vsinwt of frequency propor- ; 

ampl !? de ° f V he C0 , li,r ° 1 V0 , ltafie and of The motOT drive unit ™ay be implemented, in 
v^-r? P °f. dW8 ,0 ^.PO'^'y of the control 50 accordance with the invention, b -means of the Sms 
voltage. These voltages are applied to the windings of a shown in FIG. 9 or in FIG. 10. The system shown™ 

Sor Itt PPCr Cb SCfVeS M Phch FI °- 10 '» preferred taasnluch « its S re" 

The stepper motor 142, by virtue of ita being driven En 1 mcTF™ * ° W 
mnfnVr^^r- ""T^ continuous " Referring first to FIG. 9, the source of the sinusoidal 

tefe? g -cremental voltages is a reference oscillator 264 which provides*! 

f 'mg* l 7 «r 142, which is typical of the other £SZ BSfi£tt£SX!S£: A 

motors used m the trackmg system 200. may suitably be H.is a suitable frequency. A 90' pha* InKerl* splta 
~^^T PE-otorofthetypewhichis 60 the output of the^cUlator into sSdSe^uadra 

Sll^ M k T m0t °^ h8S , ,W ° ^o^POnentswhichareappliedasinputstodemod- 

Sa f oZ ^, ^i^-r^ *"= WOUnd 0n alter - Ulat0rs 269 md 270 demodulators may be solid- 

M v „f u- T ^ 262 COntSUnS ™ ftSSem - 8tate swi,ches sMar to the switches used in the syn- 

bly of multiple pole permanent magnets. No slip rings chronous demodulator 248 (FIG. 8). The control voU- 

ht^^ n ^r i T ed ; TheUSe ^ P ^ Tm0tOa 65 "*» fo ' *e demodulators 268 and 270 are obSd 

u therefore especially advantageous aboard ships where from a voltage controlled variable frequency osXor 

electrical sparking at slip nngs and commutators can 272 which has a center frequency equTto toe fre 

constitute a fire hazard. The stepping action (incremen- quency of the reference oscUlator 264^ H J Thfc 
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frequency b varied by the control voltage V r The fre- quency, with respect to 400 H„ the polarity of the in- 
quency of the output from the coherent demodulators phase drive voltage V„ sin(wt) will be negative when 
Z68 and 270 is therefore proportional to the difference the control voltage V c is negative. Accordingly the 
between the reference oscillator frequency and the volt- bi-pbase sinuosoidal drive voltages ± V„ sinfwfl and 

f h 0SC ^T fre ?« n °^ J„ inCe thC inpUt 5 V ««»(wt) are obtained at the output of the coherent 
voltages to the demodulators 268 and 270 are in quadra- demodulators. These voltages may be applied to low 

2? T^ e l atem ^°^I dterS *?* P« «ters for smoothing purpo Jand thin applied to 

high frequency oscillator having a binary related fre' ?°"?r.. v 1 " cIudl fS an mput operational 

quW(400 H, multiplied by 1024, or 40 960 H bem 6 a A m P llfier .? W l ° which the control voltage V.is applied, 
suitable), is provided. Two outpute A and B the wtv^ ^ " , J f f edb « k *«-*>n-Wp 

forms of which are illustrated "in FIG 9 Ire TSZJZ IS ^SPg*? ^ " ^ by ******* *"* 

from the oscillator 278. These outputs are pulse trains . • , * 7 

JUO IS normally inhibited by a 

with a 25 percent duty factor which are shifted in time ^ ullage fioi« source ^indicated at -C. The opera- 
by one-half period. These delayed outputs may be im- *T ara P llfi % 296 ™* the capacitor 298 constitute a 
plemented by suitable delay circuits such as one-shots reIaxat . 10n oscillator which generates a ramp having a 
One of these outputs, output A, is divided back down 20 r ^P etltl0n rate wmch is Proportional to the amplitude of 
in frequency to 400 H, by means of a divide-by-1024 control voltage V f and a polarity which corresponds 

counter 280. The resulting 400 H z square wave is ap- t0 ^ P oIant y of the control voltage V,. An operational 
plied to a 400 H^filter 282 to provide a 400 H,sine wave. am P hfier 302 provides an inverter circuit which ampli- 
The filter 282 may be implemented by an operational fies ™ d mverts the ram P waveform. A positive ramp 
amplifier having a feedback network which presents a 25 d f tector 306 and a negate ramp detector 304 are pro- 
maximum impedance of 400 H r The 400 H z sine wave is Vlded by comparators 310 ^ 308. A source of refer- 
shifted by 90' in a phase shifter 284 to provide in-phase f nce volta S e indicated at -T, is applied to the direct 
and quadrature phase signals of 400 H r These sinusoidal m P uts of toese comparators 308 and 310. The inverting 
signals are used as reference inputs to coherent demodu- m P uts of tnese comparators 306 and 308 receive outputs 
lators 286 and 288. These coherent demodulators are 30 from rela *ation oscillator operational amplifier 296 
solid-state switches of the type used for the demodula- and the inverter operational amplifier 302. 
tor 248 (FIG. 8). The control voltage V e is applied to a In ^ e event ^ lne ram P is positive going (V c going 
bi-directional voltage controlled oscillator 290. This negative), the positive ramp detector 306 will provide 
oscillator is illustrated in detail in FIO. 12. It provides an out PUt when the amplitude of the ramp reaches the 
two outputs C and D which are also illustrated in FIG. 35 amplitude of the reference voltage T r On the other 
11. These outputs are pulses having a repetition rate hand, if the ramp is negative going, the negative ramp 
proportional to the magnitude of the control voltage V r detector 304 will provide an output when the ramp 
The output C from the oscillator is produced only when amplitude equals the reference amplitude T r Accord- 
the input voltage is positive while the other output D is m S lv » output pulse indicated at +w is provided, as 
produced only when the control voltage V c is negative. 40 tnc vco output C, (see FIG. 11) from the negative 
In other words, the outputs C and D are provided on an ram P detector 304 when the control voltage V f is posi- 
"either/or" basis. These outputs C and D and the refer- ^ve, and an output pulse indicated at -w representing 
ence pulse trains A and B are applied to a frequency thc negative frequency is provided from the positive 
shift logic circuit 292 consisting of four flip-flops FF- ram P detector 306. The latter pulse is illustrated in FIG 
CI, FF-C2, FF-D1 and FF-D2, a pair of AND gates A 45 n ™ the VCO 290 output D. 

and B and an OR gate C. This frequency shift logic These output pulses are also used to reset the relax- 
either increases or decreases the repetition rate at the atJ on oscillator. They are applied by way of diodes 312 
reference pulse trains so as to provide Q composite pulse and 314 to the gate of the field effect transistor 300 
train at the output of OR gate C which has a repetition through which the capacitor 298 is discharged. Since 
rate above 40,960 H, when the control voltage V tf is 50 the capacitor 298 is discharged when the ramp reaches 
negative, and lower than 40,960 H x when the control certain amplitude corresponding to the reference vol- 
voltage is positive. tate T,and increases at a rate proportional to the arnpli- 

As shown in FIG. 11, the flip-flops FF-C1 and FF-C2 tude of the control voltage V,, the repetition rate of the 
are operated by the C output of the oscillator 290 so as output pulses from the oscillator 290 is proportional to 
to subtract pulses from the reference oscillator 278 out- 55 the amplitude of the control voltage, 
put pulse train A, while the voltage controlled oscilla- The foregoing description of a preferred embodiment 
tor output D is operative to add pulses from the refer- of a maritime satellite communications terminal and its 
ence oscillator 278 output pulse train B to the reference tracking system has been presented in order to explain 
oscillator output pulse train A, so as to provide the the invention. Variations and modifications thereof 
composite pulse train at the output of the OR gate C 60 within the scope of the invention, will undoubtedly 

A divide-by-1024 counter divides the composite pulse present themselves to those skilled in the art Accord- 
train so as to provide a control pulse train which is ingly, the foregoing description should be taken as illus- 
apphed to the control mput of the demodulators 286 and trative and not in any limiting sense. ■ 
288. This control pulse train has a frequency equal to What is claimed is: 

400 H, plus or rninus the frequency of the bi-directional 65 1. Apparatus for controlling in resoonse to a control 
oscillator 290 divided by 1024. Since the square wave voltage the speed and direction £Ko? ofTtwo 
output from the counter 294, when the frequency phase D.C. stepper mo tor having first and second field 
thereof is below 400 H„ is effectively a negative fre- windings, said apparatus comprising 
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means for generating first and second sinusoidal drive 
voltages which are in quadrature phase relation- 
ship, said first voltage being applied to said first 
winding and said second voltage being applied to 
said second winding, and 

means responsive to said control voltage for varying 
the frequency of both said first and second drive 
voltages and reversing the polarity of said first 
drive voltage, respectively, for varying the speed 
and direction of rotation of said motor. 

2. The invention as set forth in claim 1 wherein said 
control voltage responsive means includes means for 
varying the frequency of said control voltages continu- 
ously between about a range from zero frequency to a 
certain frequency above zero frequency as the ampli- 
tude of said control voltage varies between a certain 
voltage and a voltage greater than said certain voltage 
and for reversing the polarity of said first drive voltage 
when said control voltage reverses polarity with re- 
spect to said certain voltage. 

3. The invention as set forth in claim 2 wherein said 
certain voltage is zero volts. 

4. The invention as set forth in claim 1 wherein said 
generating means comprises a source of reference sig 
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signals, and a second modulator responsive to said 
phase shifted reference signals and said frequency 
shifted reference signals for generating, as said second 
drive voltage, a signal having a frequency correspond- 
ing to the difference between the frequency of said 
phase shifted reference signals and said frequency 
shifted reference signals, 

8. The invention as set forth in claim 7 wherein said 
voltage controlled oscillator comprises a capacitor, 
means responsive to said control voltage for charging 
said capacitor to voltages of opposite polarity depend- 
ing upon the polarity of said control voltage and at a 
rate depending upon the magnitude of said control volt- 
age so as to generate across said capacitor a ramp volt- 
age wave, first detector means responsive to said ramp 
voltage wave when it changes in polarity in a positive 
sense for providing first output pulse when said ramp 
reaches a certain voltage magnitude, said first detector 
means providing one output of said voltage controlled 
20 oscillator, second detector means responsive to said 
ramp voltage when it changes in polarity in a negative 
sense for providing a second output pulse when said 
ramp reaches said certain magnitude, means responsive 
to said first and second output pulses for discharging 



10 



15 



. . v A . r ; ~~ ~ — * w ot*,vnu uuipui piuses ior aiscnargim 

nals of constant frequency, phase shift means for shift- 25 said capacitor and terminating said ramp, said first de 



ing the phase of said reference signals 90°, said first 
drive voltage being provided by said reference signals 
and said second drive voltage being provided by the 
output of said phase shift means. 



tector means providing said voltage controlled oscilla- 
tor output when said control voltage is of one polarity 
and said second detector means providing said voltage 
controlled oscillator output when said control voltage is 



■ . * . , vsvu ' a w» v/utyui wild! S4UU WJni 

5. llie invention as set forth in claim 4 wherein said 30 of a polarity opposite to said one polaritv. 



control voltage responsive means comprises a variable 
frequency oscillator controlled by said control voltage, 
and means responsive to the output of said voltage 
controlled variable frequency oscillator for shifting the 



1 , V 0 .„„ liurui^ 0«MU V>fl 

frequency and polarity of said first drive voltage and 35 tionship therewith, 



9. The invention as set forth in claim 8 wherein said 
ramp generating means comprises an operational ampli- 
fier having said control voltage input connected thereto 
and having said capacitor connected in feedback rela- 



the frequency of said second drive voltage. 

6. The invention as set forth in claim 5 wherein said 
source of reference signals is a reference oscillator, said 
voltage controlled oscillator is a variable frequency 
oscillator having a center frequency equal to the fre- 40 
quency of said reference signals, and said frequency 
shifting means is (i) first modulator means responsive to 
said drive voltage reference signal from said reference 
oscillator and to the output of said variable frequency 
oscillator for providing as said first drive voltage a 45 
signal from said first modulator having a frequency 
equal to the difference between said reference oscillator 
frequency and said voltage controlled oscillator output 
frequency, and (ii) second modulator means responsive 

to the output of said phase shift means and to the output 50 
of said variable frequency oscillator for providing as 
said second drive voltage a signal from said second 
modulator means having a frequency equal to the differ- 
ence between the frequency of said phase shifted refer- 
ence signal and said voltage controlled oscillator output 55 
frequency. 

7. The invention as set forth in claim 5 wherein said 
frequency shifting means comprises means responsive 
to said reference signals and to the output of said volt- 
age controlled oscillator for increasing and decreasing 60 
the frequency of said reference signals when the control 
voltage is above or below a certain level, respectively, 

a first modulator responsive to said reference signals 
and to said frequency shifted reference signals from said 



said first detector means comprising, an operational 
amplifier, a source providing said certain voltage, 
said voltage source and the output of said ramp 
generating means operational amplifier being con- 
nected to different inputs of said first detector 
means operational amplifier whereby said first de- 
tector means operational amplifier provides said 
first output pulse when said ramp voltage is posi- 
tive and exceeds said certain voltage, 
said second detector means comprising an inverter 
connected to. the output of said ramp generating 
means operational amplifier, another operational 
amplifier, said inverter and said certain voltage 
source being connected to different inputs of said 
second detector means operational amplifier 
whereby said second detector means operational 
amplifier provides said second pulses when said 
ramp voltage is negative and exceeds said certain 
voltage, and 

said capacitor discharge means comprising a switch- 
ing transistor connected across said capacitor, said 
transistor having a control electrode connected to 
said first detector means operational amplifier out- 
put and to said second detector means operational 
amplifier output. 
10. The invention as set forth in claim 7 wherein said 
reference signal oscillator provides a train of pulses at a 
repetition rate much higher than the frequency of said 
drive voltages, said voltage controlled oscillator includ- 



e ..jl, • . — , ° — rwjwfiw, Ekiiu vuiuige conirouea oscillator includ- 



drive voltage a signal having a frequency correspond- 
ing to the difference between the frequency of said 
reference signals and said frequency shifted reference 



sponding to the magnitude of said control voltage when 
said control voltage is greater than a certain level and 
second pulses at a rate corresponding to the magnitude 
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f said control voltage when said control voltage is 
below said certain level, combinational logic means 
responsive to said first pulses and to said second pulses 
for respectively adding and subtracting pulses from said 
reference signal oscillator train of pulses whereby to 
increase and decrease the repetition rate of said refer- 
ence signal oscillator pulses, first and second counters 
respectively connected to the output of said reference 
signal oscillator and said combinational logic means for 



30 



dividing the repetition rate thereof to the frequency to 
said drive voltage, filter means connected to said first 
counter for providing a reference sinusoidal wave being 
connected to said phase shift means, said reference sinu- 
soidal wave and the sinusoidal wave from said phase 
shift means being connected to different ones of said 
modulators, said second counter output being con- 
nected to both of said modulators. 
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